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Abstract 
The conditions of the furniture used to develop school activities are not always ergonomically appropriate, what may lead the 
students to adopt uncomfortable postures and thus the occurrence of diseases and pains in different parts of their body. Students 
at different levels of education are not exempt from these situations, since they remain for long periods in classrooms adopting 
inadequate postural habits, and besides, school furniture may not have the proper conditions to let them adopt correct postures. 
This research aims to identify ergonomic risks in clothing modeling activities. A descriptive research was performed by case 
study, in order to verify the adequacy of furniture to the physical type of the students, so that they could carry out their activities 
without suffering from musculoskeletal pain. In addition, the research was classified as quantitative and qualitative, and the 
REBA method was applied to assess whether the adopted postures could be the cause of musculoskeletal problems. We used the 
Nordic questionnaire to establish at what extent the postures were harmful to the health of students. It is noteworthy that 98.2% 
of the analyzed positions of students are between medium to very high risk, 46.7% have complaints of pain in the hips and thighs, 
40.0% in the neck, in the dorsal region, in the lower back and ankles and/or feet, 33.3% in the knees. Equally important is the fact 
that 8 students (26.7% of the total) have complained in the past seven days about pain in the lower back and hips and/or thighs; 
23.3% in the knees and 20.0% in the dorsal region and ankles and/or feet. It can be concluded that the school environment can 
lead to the adoption of bad postures due to both the disagreement of furniture to students’ anthropometric measures and to 
inadequate postural habits. 
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1. Introduction 
Children and adolescents spend many hours of their day in the classroom, mostly in the sitting position [6, 19, 9, 
14]. This situation can cause pain, discomfort and harm in learning, especially if the school furniture is not in 
accordance with the anthropometric measurements of these students [20, 21, 15, 8, 16].  
Postural problems that directly affect the spinal column are related to growth phase and body development, which 
coincides with the beginning of children’s scholar phase [6, 7, 18]. Children are exposed to inadequate habits and 
behaviors for years in this environment, which can result in serious risks to the structure of their spinal column [15]. 
Posture can be defined as the position that individuals adopt to perform daily static or dynamic activities, using 
the musculoskeletal system at the workstation and following postural methods to adapt themselves to the 
environment [1]. 
There are factors that enable musculoskeletal disorders such as loading heavy backpacks, sitting for several 
consecutive hours, and adopting incorrect postures [13, 1]. Scholar furniture must be in accordance with physical 
characteristics of students in order to avoid the adoption of incorrect postures, which can lead to the development of 
illnesses such as lordosis, kyphosis, scoliosis and herniated disc, and their irreversible consequences [4, 5, 12]. 
The adoption of poor posture is considered one of the factors that cause muskoekeletical pain in the classroom 
[6,14]. The chair should be adapted to the individual height in a way that the column stays in the correct position, 
what demands less physical effort [17, 6]. The backrest should fit for the column height, letting the back muscles 
relax for some periods, it is important to adapt the workplace to humans [10]. 
So, ergonomics is important in every daily activity, it is necessary to adapt it to the psychophysiological 
characteristics of human beings in search for comfort, health and safety [6, 13]. All working conditions must be 
analyzed as a whole once humans are unique, and then all activities performed during the day must be adequate to 
ergonomics principles [9, 16]. Workplace, and specifically workstation, must meet basic requirements of safety and 
comfort when searching for the complete wellness of individuals [7].  
This study aims to develop a workstation for the students of clothing design classes, demanding an 
anthropometric study for postural ergonomics analyses. 
2. Methodology 
This case study was carried out with students of a technical designing course at an institution in the south of 
Brazil. The postures adopted by the students in the classroom were evaluated using ergonomics tools and specific 
techniques such as interviews, questionnaires, photography and video recording of postures in sitting and standing 
positions. 
The studied sample consisted of 30 students, all females between 16 and 35 years old. The age distribution of the 
students is showed in Table 1. 
Table 1. Age distribution of sample. 
Age 
(years) 
Number of students Age 
(years) 
Number of students 
16 1 23 1 
17 9 24 2 
18 3 25 4 
19 3 28 1 
20 1 31 1 
21 2 35 1 
22 1 TOTAL 30 
 
According to Table 1, the average age of the students is 21, thus characterizing a very young sample. This group 
was chosen to be part of the sample because these students use more frequently the drawing tables. 
The study was divided into five stages: Direct Observation; Nordic Musculoskeletal Questionnaire (NMQ); 
Video recording and photographs; Rapid Entire Body Assessment Method (REBA) and Diagnosis.  
In a first step, the researchers performed the direct observation during the classes of designing in which the 
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students were left working naturally without interference. Thereby, the researchers could observe and understand 
how the activity in class was developed, as well as know the different positions that the students took, how many 
times they exchanged of positions and the time that they remained in the same position. 
In a second step, the Nordic Musculoskeletal Questionnaire (NMQ) was used to identify musculoskeletal 
symptoms and know the parts of the students’ body most affected during the last 7 days, the last 12 months, and if 
these diseases could affect their everyday tasks. 
The third stage consisted of taking photographs and recording videos of the activities performed by one student, 
in order to identify either the specific activity for the implementation of the proposed methods, and to determine the 
different postures and body segments involved in the activity for the application of the analytical postural method. 
Seven cameras located in front of the students, by their side and behind them (Fig. 1) performed forty-two 
recordings of 10 minutes each. 
In the fourth step, the Rapid Entire Body Assessment Method (REBA) was applied to evaluate the dynamic and 
static postures used in frequently performed tasks [2]. The method consists of dividing the body into two regions, 
thus supporting the posture evaluation. The application of this method aimed to assess the risk of the activity of 
designing, and understand how it affects the way of life and health of the students who attend those classes. 
Analyzing the results, we assess the need for changes in furniture related to ergonomics and the situations that need 
more attention. 
At last, in the fifth stage, there was a diagnosis of the ergonomic risks and the solutions were proposed in order to 
improve the students’ comfort in class. 
 
 
 
Symbol Quantity Description Position 
 4 Photo camera Behind on the right side, behind on 
the left side, right and left profile 
 
 1 Professional video camera At the front, on the left 
 
 1 External webcam connected to laptop At the front, 3m high 
 
 1 Webcam integrated to laptop At the front, on the right 
 
Fig. 1. Position of cameras in the classroom. 
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3. Results 
This study was performed at an educational institute, in which there is a laboratory for both manual and 
computerized designing in order to attend companies’ demand. Therefore, it is essential that students know how to 
perform the designing activities using both methods: flat, two-dimensional manual method and three-dimensional 
computerized method [3]. 
3.1. Direct observation  
Students have classes in the morning and in the afternoon, and some of them have classes in the evening either. 
This busy schedule is because they are attending high school, industrial course and technical school at the same 
time, what can lead to physical and mental fatigue. Those students who work in the clothing industry remain in the 
sitting position all day long, and when they go to classes, they often adopt inadequate positions in order to feel 
comfortable and try to give a rest for their spine.  
Besides the lack of a more appropriate furniture for performing the course activities, it was also possible to notice 
that the students do not adopt a correct position when sitting. Therefore, a suitable furniture will not minimize the 
postural problems of these students by itself, but it is also important to warn them against incorrect positions while 
sitting. The students should be instructed on how to position themselves properly and how to sit correctly. 
3.2. Nordic questionnaire 
The body parts surveyed in the Nordic questionnaire were neck, shoulders (right, left and both), elbow (right, left 
and both), forearm (right, left and both), wrists/hands/fingers (right, left and both), dorsal region, lumbar region, 
hips and/or thighs, knees, ankles and/or feet [11]. 
It was possible to identify in which parts of the body the students suffer from pain, numbness or discomfort with 
the results of the Nordic questionnaire (Table 2). 
Table 2. Results from the Nordic Musculoskeletal Questionnaire. 
 
Considering the last 12 months, 
have you had any problems (such 
as pain, discomfort or numbness) in 
the following parts of the body 
Have you had any problems 
in the last 7 days, in the 
following parts of the body 
During the last 12 months, have you 
avoided any of your everyday 
activities (work, home service or 
leisure) due to problems in the 
following parts of the body 
Neck 12 4 1 
Right shoulder 5 2 0 
Left shoulder 1 0 1 
Both shoulders 7 2 0 
Right elbow 1 0 0 
Left elbow 0 0 0 
Both elbows 2 2 0 
Right forearm 3 2 1 
Left forearm 0 0 0 
Both forearm 1 2 0 
Right fist, hand and fingers 8 2 1 
Left fist, hand and fingers 0 0 0 
Both fists, hands and fingers 4 4 1 
Dorsal region  12 6 2 
Lumbar region 12 8 4 
Hips and/or thighs 14 8 1 
Knees 10 7 4 
Ankles and/or feet 12 6 2 
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It was found from Table 2 that, in the last twelve months, 46.7% of students had complaints in the hips and 
thighs; 40.0% in the neck, in the dorsal region, in the lower back and ankles and/or feet, and 33.3% in the knees. 
Likewise important, it was observed that, in the last seven days, 26.7% had complaints in the lower back and hips 
and/or thighs; 23.3% in the knees, and 20.0% in the dorsal region and ankles and/or feet. 
The authors’ attention was drawn to the fact that 60.0% of students who complained of pain, discomfort or 
numbness in any region of the body said that their everyday activities such as work, housework or hobbies were 
affected. According to some students’ reports, the pain became more evident after two years of attending the 
designing classes. This is a great concern once it is the consequence of repetitiveness and incorrect positions adopted 
due to inadequate furniture conditions. 
 The information obtained from the results of the Nordic questionnaire highlighted the fact that the longer the 
individual stay and perform the activities in incorrect postures, the greater the occurrence of complaints in several 
regions of the body. 
The spine tilt observed in students throughout the designing classes is a consequence of the flat table top. After 
using the techniques of direct observation, interviews and video recording, it was found that the maintenance time at 
the sitting position is substantial, accounting for 60% of the total time that students dedicate to designing activities. 
The rest of the time (40%) was spent in standing position. 
3.3. Video recordings and photographs 
During video recording, some postures adopted by students were analyzed, as shown in Fig. 2. 
It is observed that the student’s neck is tilting by more than 20o in flexion, the trunk forms angles between 20o 
and 60o, and the fist is in flexion forming angles between 0° and 15o, with lateral tilting on both sides. The arm is 
positioned forming angles in flexion between 20o and 90o, and forearms between 60o and 100o in flexion, and in 
many situations crossing the midline of the body. 
3.4. REBA method (video recordings and photographs) 
We selected 58 postures that most characterized the activities carried out by the students, and whose data could 
help in inferring whether the positions they adopted were correct or not. Fig. 3 shows the results of the application of 
REBA method. 
 
 
Fig. 2. Positions adopted by the student during video recordings. 
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Fig. 3. Relationship between ergonomic risk levels and postures of the students. 
Fig. 3 shows that, from the 58 analyzed postures, all of them need some ergonomic intervention, since their risk 
levels are between 1 and 4, leading to musculoskeletal disorders. This comes against the results obtained from the 
Nordic questionnaire. It is observed that 28 postures (48.3%) presented medium risk, 26 (44.8%) are at high risk, 3 
(5.1%) are at very high risk and 1 (1.8%) is at no risk.  
It is worthy to observe that 49% of the sample is at high risk (Fig. 3), and from the results of the Nordic 
questionnaire (Table 2), 10 students had 18 complaints of pain in various parts of the body, what caused their 
absence at work and/or at school. 
3.5. Diagnosis of ergonomic risks 
Summarizing, the symptoms reported by the sample of students of the educational institution were caused by 
repetitiveness of activities in class, bad posture and the differences when comparing anthropometric measures to 
school furniture design. 
Thus, the aforementioned results supported the authors’ proposal, which can contribute to the reduction and/or 
elimination of the detected problems. We proposed pieces of furniture (Figure 3) that match to 90% of the 
anthropometric characteristics of the studied sample, i.e., the design of the furniture was developed considering 
extreme anthropometric measures (percentiles 5% and 95%): 
 
x The furniture enables alternating the standing posture, what let the students move when they want without any 
variations of anthropometric dimensions, e.g., the height of the table for the student to be in the standing posture 
matches the elbow height of percentile 5% (ACP5), so the arms can reach the top of the table correctly. The 
designed chair allows that the table height coincides with the elbow height in the sitting position (ACS5). This 
allows the change of posture (sitting and standing) and therefore decreases the time on the same posture; 
x Table slope with regulation that prevents forced flexion of the trunk; 
x A booklet has been drafted with some suggestions on how to use the proposed furniture and how to adopt an 
appropriate posture. This can help on prevention of musculoskeletal problems, as well as on decrease the power 
consumption. This booklet will be the support for continuing training that will be offered to students. 
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Fig. 4. Proposed furniture. 
4. Conclusions 
The students suffer from body aches because of not keeping a correct posture during school activities. This 
happens due to the lack of a postural orientation, staying in awkward positions because of bad habits, and also 
because of the furniture which is not in accordance with anthropometric measurements and therefore is not 
ergonomically correct. The seats do not have a proper angle for the placement of students, and the back does not 
have an adequate slope. 
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The table top surface does not present any slope that can be associated with overload on the musculoskeletal 
system, particularly in the cervical region. The table does not have height adjustment, what makes it difficult to sit 
and work. If only the chair is adjusted, the height from the floor becomes disproportional, compromising the 
placement in relation to the elbow, and causing discomfort during the performance of tasks. 
The absence of a postural training makes students adopt incorrect postures, and in an attempt to feel comfortable, 
they hurt their physical health even more. 
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